A novel actinobacterium, designated strain NEAU-LZC 7 T
The genus Lentzea was established by Yassin et al. [1] as a member of the family Pseudonocardiaceae. However, Lee et al. [2] suggested that the type species of the genus should be transferred into the genus Saccharothrix as Saccharothrix albidocapillata and then Labeda et al. [3] revived the genus Lentzea based on phylogenetic and chemotaxonomic analyses, and diagnostic nucleotide signatures of the 16S rRNA gene. At the time of writing, there are 11 species of the genus Lentzea with validly published names according to the List of Prokaryotic names with Standing in Nomenclature website (http://www.bacterio.net/index.html) including the latest described species Lentzea pudingi [4] . All members of the genus are Gram-stain-positive, typically aerobic, non-motile actinomycetes with branched aerial mycelia which fragment into rod-shaped elements. Members of the genus Lentzea contain MK-9(H 4 ) as the predominant menaquinone, while minor amounts of MK-9(H 2 ) may also be present. The straight-chain saturated or unsaturated, and branched-chain saturated fatty acids of the iso and anteiso types [5, 6] are the major fatty acids of the genus. These organisms contain meso-diaminopimelic acid as the cell-wall diamino acid. Galactose, mannose and ribose are the diagnostic whole-cell sugars. The principal phospholipid is phosphatidylethanolamine. The G+C content of the genomic DNA ranges from 64.1 to 71 mol%. During a search for rare actinomycetes, strain NEAU-LZC 7 T was isolated from soil collected from Mount Song, Dengfeng, Henan Province, China. Here we report on the taxonomic characterization and classification of the isolate and propose that strain NEAU-LZC 7
T represents a new species of the genus Lentzea.
Strain NEAU-LZC 7
T was isolated from soil collected from Mount Song, Dengfeng, Henan Province, China (34 29¢ N, 113 2¢ E). The soil sample was air-dried at room temperature for 14 days before isolation for actinomycetes. After drying, the strain was isolated using the standard dilution plate method and grown on sodium succinate-asparagine agar [7] supplemented with cycloheximide (50 mg l Morphological characteristics were observed by light (Nikon Eclipse E200) and scanning electron microscopy (Hitachi SU8010) using cultures grown on ISP 3 medium at 28 C for 4 weeks. Cultural characteristics were determined after 14 days at 28 C using Bennett's agar [9] , nutrient agar (NA) [10] , Czapek's agar [10] , yeast extract-malt extract agar (ISP 2), ISP 3, inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract iron agar (ISP 6) and tyrosine agar (ISP 7) [8] . Colour determination was done by using colour chips from the Inter-society Color Council-National Bureau of Standards colour charts, standard samples, no. 2106 [11] . Growth at different temperatures (4, 10, 15, 18, 25, 28, 32, 35, 38, 40 and 45 C) was determined on ISP 3 agar after incubation for 14 days. The pH range for growth (pH 3-12, at intervals of 1 pH units) was tested in liquid GY medium [12] using the buffer system described by Xu et al. [13] and NaCl tolerance (0, 1, 2, 3, 4 and 5 % w/v) for growth were determined after 14 days growth in ISP 2 broth in shake flasks (250 r.p.m.) at 28 C. The utilization of sole carbon and nitrogen sources (0.5 % w/v), decomposition of cellulose, hydrolysis of starch and aesculin, reduction of nitrate, coagulation and peptonization of milk, liquefaction of gelatin and production of H 2 S were examined as described previously [14, 15] . Production of catalase and hydrolysation of Tweens (20, 40 and 80) and urease were tested as described by Gordon et al. [14] and Williams et al. [16] .
Biomass for chemical studies was prepared by growing the strain in GY broth medium in shake flasks at 28 C for 7 days. Cells were harvested by centrifugation, washed twice with distilled water and then freeze-dried. The isomer of diaminopimelic acid in the cell-wall hydrolysates was derivatized as described by McKerrow et al. and analysed by a high-performance liquid chromatography (HPLC) method [17] using an Agilent TC-C18 Column (250Â4.6 mm, i.d. 5 µm) with a mobile phase consisting of acetonitrile: 0.05 mol l À1 phosphate buffer pH 7.2 (15 : 85, v/v) at a flow rate of 0.5 ml min
À1
. An Agilent G1321A fluorescence detector was used for peak detection with 365 nm excitation and 455 nm longpass emission filters. The whole-cell sugars were tested according to the procedures developed by Lechevalier and Lechevalier [18] . The cell phospholipids were examined by two-dimensional thin-layer chromatography and identified by following the method of Minnikin et al. [19] . Menaquinones were extracted from freeze-dried biomass and purified according to Collins [20] . Extracts were analysed by a HPLC-UV method [21] using an Agilent Extend-C 18 Column (150Â4.6 mm, i.d. 5 µm), typically at 270 nm. The mobile phase was acetonitrile/ propyl alcohol (60 : 40, v/v). The presence of mycolic acids was checked by the acid methanolysis method of Minnikin et al. [22] . Strain NEAU-LZC 7
T was cultivated in GY broth in shake flasks at 28 C for 7 days to determine cellular fatty acid composition. Fatty acid methyl esters were extracted from the biomass as described by Gao et al. [23] and analysed by gas chromatography-mass spectrometry using the method of Xiang et al. [24] .
Extraction of chromosomal DNA and PCR amplification of the 16S rRNA gene sequence was carried out according to the procedure developed by Kim et al. [25] . The PCR product was purified, cloned into vector pMD19-T (Takara) and sequenced using an Applied Biosystems DNA sequencer (model 3730XL). The almost full-length 16S rRNA gene sequence of strain NEAU-LZC 7
T (1509 nt) was obtained and aligned with multiple sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL_X 1.83 software [26] . The phylogenetic dendrograms were reconstructed with the maximum-likelihood [27] and neighbour-joining [28] algorithms using Molecular Evolutionary Genetics Analysis (MEGA) software version 6.06 [29] . The stability of the topology of the phylogenetic tree was assessed using the bootstrap method with 1000 repetitions [30] . A distance matrix was generated using Kimura's two-parameter model [31] . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). 16S rRNA gene sequence similarities between strains were calculated on the basis of pairwise alignment using the Ezbiocloud server [32] .
The G+C content of the genomic DNA was determined by the thermal denaturation (Tm) method as described by Mandel and Marmur [33] with Escherichia coli JM109 DNA as the control. L. violacea JCM 10975 T was used as the reference strain in the DNA-DNA relatedness test. The test was carried out as described by De Ley et al. [34] under consideration of the modifications described by Huss et al. [35] , using a model Cary 100 bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with an in situ temperature probe (Varian). The DNA samples used for hybridization were diluted to an OD 260 of around 1.0 using 0.1ÂSSC (saline sodium citrate buffer), and then sheared using a JY92-II ultrasonic cell disruptor (ultrasonic time 3 s, interval time 4 s, 90 times). The DNA renaturation rates were determined in 2ÂSSC at 70 C. The experiments were performed with three replications and the DNA-DNA relatedness value was expressed as a mean value.
Morphological observation of 2-week-old cultures of strain NEAU-LZC 7 T grown on ISP 3 medium revealed that it had the typical characteristics of the members of the genus Lentzea. Cells of strain NEAU-LZC 7
T were Gram-stain-positive and aerobic. The white aerial mycelium was well-developed and fragmented into rod-shaped elements on ISP 3 medium (Fig. 1) . Strain NEAU-LZC 7
T grew well and generated welldeveloped white aerial mycelia on ISP 2, ISP 3, ISP 4, ISP 7, Bennett's and Czapek's agar, moderate growth on ISP 1, ISP 5, ISP 6 and nutrient agar. No diffusible pigment was observed on any of the tested media. Detailed cultural characteristics of strain NEAU- LZC 7 T are shown in Table 1 . The strain was found to grow at a temperature range of 15-40 C (optimum temperature 28 C), pH 7-11 (optimum pH of 7) and NaCl tolerance of 0-3 %. The physiological and biochemical properties of strain NEAU-LZC 7 T are given in Table 2 and the species description.
Strain NEAU- LZC 7 T was found to exhibit a range of chemotaxonomic properties which are consistent with the description of the genus Lentzea. Whole-cell sugars contained rhamnose, xylose, mannose and galactose. The phospholipid profile consisted of diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine and phosphatidylinositolmannoside (Fig. S1 , available in the online version of this article). The cellular fatty acids were C 16 : 0 (34.9 %), anteiso-C 17 : 0 (13.5 %), iso-C 15 : 0 (11.1 %), C 15 : 0 (9.3 %), C 16 : 1 7!C (9.1 %), 10-methyl C 16 : 0 (6.5 %), C 17 : 0 cycle (4.1 %), iso-C 15 : 0 (2.9 %), 10-methyl C 17 : 0 (2.8 %), C 18 : 0 (1.9 %), C 17 : 0 (1.6 %), C 14 : 0 (1.5 %) and 2-OH C 16 : 0 (0.7 %). The menaquinones were MK-9(H 4 ) (47.9 %), MK-9(H 2 ) (37.5 %) and MK-9(H 0 ) (14.6 %). The DNA G+C content of strain NEAU-LZC 7 T was 69.3 mol%.
The almost-complete 16S rRNA gene sequence of strain NEAU-LZC 7 T (1509 nt) was determined and deposited as MF784397 in the GenBank/EMBL/DDBJ databases. EzBiocloud analysis of the 16S rRNA gene sequence revealed that strain NEAU-LZC 7
T should be classified into the genus Lentzea with the highest sequence similarity to L. violacea JCM 10975 T (98.1 %). In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain NEAU-LZC 7
T formed a separate subclade with all strains of the genus Lentzea (Fig. 2) , which was supported by the maximumlikelihood tree (Fig. S2) T . This value was below the threshold value of 70 % recommended by Wayne et al. [36] for assigning bacterial strains to the same genomic species.
Besides the genotypic evidence above, strain NEAU-LZC 7
T also had several phenotypic differences from its closely related strains (Fig. S3, Table 2 ). For example, NaCl tolerance of strain NEAU-LZC 7
T was up to 3 %, which is lower than that of L. violacea JCM 10975
T . Other phenotypic differences included liquefaction of gelatin, production of H 2 S, decomposition of cellulose and utilization of L-arabinose, D-fructose, glycine, D-ribose and D-xylose. Furthermore, some chemotaxonomic characteristics, such as the presence of rhamnose in the whole cell sugar pattern (WCSP) of strain NEAU-LZC 7
T , was unusual, as the only other members of the genus that are reported to contain this sugar are L. violacea [2] and Lentzea waywayandensis [37] . Moreover, the only other member of the genus to contain xylose in its WCSP is Lentzea cavernae [38] . In addition, none of the Lentzea species with validly published names have been reported to contain anteiso-C 17 : 0 as a major fatty acid (>10 %). Therefore, it is evident from the genotypic, phenotypic and chemotaxonomic data that strain NEAU-LZC 7
T represents a novel species of the genus Lentzea, for which the name Lentzea soli sp. nov. is proposed.
DESCRIPTION OF LENTZEA SOLI SP. NOV.
Lentzea soli (so¢li. L. neut. gen. n. soli of soil).
An aerobic, Gram-stain-positive actinobacterium that grows well and generates well-developed white aerial mycelia on ISP 2, ISP 3, ISP 4, ISP 7, Bennett's and Czapek's agar, and moderate growth on ISP 1, ISP 5, ISP 6 and nutrient agar. No diffusible pigment is observed on any of the tested media. Growth occurs at 15-40 C (optimum 28 C) and in the pH range of 7-11 (optimum pH 7.0). Tolerates 
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